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Earth-based r a d i o  astronomical  o b s e r v a t i o  

I 
considerably t o  our knowledge of t h e  p l a n e t a r y  s y s t e m ,  t h e  

galaxy and t h e  universe  i n  general .  However, t h e s e  obse rva t ions  

a r e  confined t o  a "window" i n  t h e  e a r t h ' s  atmosphere through 

which r a d i o  waves may propagate,  Th i s  window, which extends 

approximately from 10 Mc t o  15,000 Mc, is l i m i t e d  a t  t h e  high 

frequency end by molecular absorp t ion  i n  t h e  lower atmosphere 

and a t  t h e  low frequency end  by t h e  e a r t h ' s  ionosphere and 

t e r r e s t r i a l  r a d i o  i n t e r f e r e n c e ,  

Radio astronomers have recognized t h a t  i t  should be 

p o s s i b l e  t o  extend observa t ions  s e v e r a l  decades down i n  

frequency by p l a c i n g  s u i t a b l e  ins t rumenta t ion  aboard r o c k e t s  

and s a t e l l i t e s  which a t t a i n  a l t i t u d e s  above t h e  major p o r t i o n  

of t h e  t e r r e s t r i a l  ionosphere.  P ioneer ing  work i n  t h i s  

a r e a  was c a r r i e d  out  by t h e  r ad io  astronomy groups of Harvard 

Un ive r s i ty ,  t h e  Univers i ty  of Michigan, t h e  Canadian DRTE, 

Cambridge Un ive r s i ty  i n  Great B r i t a i n  and t h e  USSR. The 

obse rva t ions  made t o  d a t e  have been obta ined  wi th  e s s e n t i a l l y  

n o n d i r e c t i v e  antennas ( s h o r t  d ipo le s ) .  Because of t h e  tech-  

n o l o g i c a l  problems a s s o c i a t e d  with deployment of long an tennas ,  

some i n v e s t i g a t o r s  have suggested u t i l i z i n g  t h e  e a r t h ' s  iono- 

sphe re  t o  o b t a i n  angular  r e s o l u t i o n  or d i r e c t i v i t y  by fccusin$ (2) . 
i 
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T h i s  a r t i c l e  o u t l i n e s  some of t h e  s c i e n t i f i c  missions 

of space r a d i o  astronomy a s  w e l l  a s  a . sys t em s t u d i e d  e x t e n s i v e l y  

a t  t h e  NASA Goddard Space F l i g h t  Center f o r  making t h e s e  ob- 

se rva t ions , ,  Th i s  system, t h e  Radio Astronomy Explorer (RAE), 

is  designed t o  measure t h e  i n t e n s i t y  of r a d i o  s i g n a l s  from 

c e l e s t i a l  sources  a s  a f u n c t i o n  of f requency,  p o s i t i o n  and 

2-4 . -..-tEg:&d* n - t i m e  w i t h  a d i r e c t i v e  antennao { K t f - ' G -  
- _  
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The low frequency l i m i t  t o  which obse rva t ions  can be 

c a r r i e d  is determined by t h e  ambient ionospher ic  e l e c t r o n  

d e n s i t y  which i n  t u r n  governs t h e  frequency ( e l e c t r o n  plasma 

frequency) a t  which t h e  index of r e f r a c t i o n  of t h e  medium 

approaches zero(3), ,  I n  p r a c t i c e  it is d i f f i c u l t  t o  approach 

this observing limit because of t h e  behavior  of t h e  antenna 

i n  a magnetoionic medium. There e x i s t s  s u f f i c i e n t  experimental  

evidence (4) t o  conclude t h a t  a t  an a l t i t u d e  of 6000 k m ,  it 

w i l l  be  p o s s i b l e  t o  make measurements down t o  f r equenc ie s  a s  

low a s  300 kc, 

GALACTIC STUDY 

Synchrotron r eg ions  and ion ized  hydrogen (€311) s ig -  

n i f i c a n t l y  a f f e c t  t h e  measured cosmic n o i s e  from t h e  galaxy. 

Synchrotron r a d i a t i o n  ( 5 )  r e s u l t s  from t h e  motion of r e l a -  

t i v i s t i c  e l e c t r o n s  i n  a magnetic f i e l d .  Under a number of 
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T h i s  f r e e - f r e e  absorp t ion  w i l l  cause t h e  observed cosmic 

no i se  spectrum t o  t u r n  over and subsequent ly  decrease w i t h  

decreas ing  frequency, 

measurements of abso rp t ion ,  and thus  of o p t i c a l  depth,  w i l l  

enable  astronomers t o  e s t ima te  e l e c t r o n  d e n s i t y  and/or k i n e t i c  

On t h e  b a s i s  of g a l a c t i c  models, 

temperatures  i n  an H I 1  region.  

A t  a s u f f i c i e n t l y  low frequency an H I 1  c loud w i l l  become 

opaque, producing a ‘’screen” which may be u t i l i z e d ,  f o r  

example, t o  s e p a r a t e  t h e  c o n t r i b u t i o n s  of emission o r i g i n a t i n g  

i n  t h e  in€ ra - so la r  d i s t a n c e  from t h a t  beyond t h e  H I 1  cloud. 

A f u r t h e r  modi f ica t ion  i n  t h e  observed cosmic n o i s e  

spectrum may r e s u l t  from a break i n  t h e  cosmic r ay  e l ec t ron ,  

spectrum, T h i s  break  may be expected t o  occur when t h e  

energy less by the synchrotron process ( fo r  t h e  higher  energy 

e l e c t r o n s )  equals  approximately the energy l o s s  by i o n i z a t i o n  

( f o r  s o f t e r  e l e c t r o n s ) .  A break i n  t h e  spectrum w i l l  provide 

informat ion  about t h e  cosmic ray e l e c t r o n  spectrum and i n t e r -  

s t e l l a r  magnetic f i e l d ,  

SOLAR ASTRONOMY 

The sun emits  a wide and complex v a r i e t y  of r a d i o  b u r s t s  

throughout t h e  observed spectrum(7) 

even below t h e  ionospher ic  cu t -o f f ,  s o l a r  b u r s t s  w i l l  be  

I t  i s  a n t i c i p a t e d  t h a t  

s u f f i c i e n t l y  i n t e n s e  to be e a s i l y  detected a g a i n s t  t h e  cosmic 
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no i se  background, C e r t a i n  types  of spo rad ic  r a d i o  b u r s t s  

presumably a r e  genera ted  when s o l a r  corpuscular  s t reams and 

s o l a r  cosmic r a d i a t i o n  pass  through t h e  corona and gene ra t e  

plasma waves. A p a r t  of t h i s  energy is  t r a n s f e r r e d  i n t o  

e lec t romagnet ic  waves of t h e  appropr i a t e  frequency and, t h u s ,  

g ives  rise t o  t h e  observed emission,, 

The ex tens ion  of r e s u l t s  obtained from ground based 

observa t ions  sugges t s  t h a t  t h e  observa t ion  of s o l a r  b u r s t s  

over t he  proposed RAE frequency range would provide important  

information about t h e  ou te r  reg ions  of t h e  s o l a r  corona, i.e. 

t o  d i s t a n c e s  around 20-30 so la r  r a d i i .  Based upon models 

of t h e  s o l a r  corona, va lues  of e l e c t r o n  d e n s i t y  and temperature  

i n  t h i s  range of t h e  corona can be determined. Observation 

of t h e  i n t e n s i t y  of t h e  b u r s t  a s  w e l l  w i l l  he lp  i n  s tudy ing  

t h e  i n t e r a c t i o n  between p a r t i c l e  s t reams and coronal  plasma. 

PLANETARY ASTRONOMY 

A f t e r  nea r ly  a decade 03 i n v e s t i g a t i o n ,  t h e  mechanism 

of J u p i t e r ' s  spo rad ic ' emis s ion  is  s t i l l  not  c l e a r .  Observa t iona l  

t e s t s  of t h e  t h e o r e t i c a l  models have been hampered s e r i o u s l y  

due t o  t h e  eff'ects of t h e  e a r t h ' s  ionosphere(8).  

ample, a l though t h e  decameter emission has  been observed as 

high a s  40 Mc, ionospher ic  absorp t ion  makes t h e  de te rmina t ion  

of t h e  l o w  frequency spectrum and cut-off impossible  from t h e  

For ex- 
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ground, Xeasurements from above t h e  ionosphere w i l l  enable  

astronomers t o  determine t h e  spectrum of J u p i t e r  r a d i o  

emission a t  low f requencies .  Such d a t a  a r e  of cons ide rab le  

importance i n  t e s t i n g  o r  developing a theory  of t h e  emission 

mechanism and its subsequent i n t e r p r e t a t i o n  i n  terms of t h e  

s t r u c t u r e  of t h e  p l a n e t ' s  magnetosphere. 

The apparent  s i m i l a r i t y  i n  t he  magnetospheres of t h e  

e a r t h  and J u p i t e r  make t h e  occurence of t e r r e s t r i a l  no ise  

b u r s t s  q u i t e  l i k e l y .  The M E  concept w i l l  al low n o t  on ly  

d e t e c t i o n  of t e r r e s t r i a l  no i se  s torms,  bu t  a l s o  t h e  measure- 

ment of t h e i r  d i s t r i b u t i o n  a t  low f requencies .  

___. - -  - 
~~ - -  

THE SYSTEM 

A s  s t a t e d  e a r l i e r ,  t h e  few low frequency spaceborne 

measurements which have been obta ined ,  c l e a r l y  i n d i c a t e  the  

seed f o r  d i r e c t i v e  antennas,  D i r e c t i v i t y  w i l l  provide a 

means of "mapping" t h e  s p a t i a ;  d i s t r i b u t i o n  of cosmic no i se ,  

and it w i l l  f a c i l i t a t e  observa t ions  of sporadic  b u r s t s  from 

a p a r t i c u l a r  source  without  p o s s i b l e  confusion from o ther  

spo rad ic  sources ,  If space r a d i o  astronomy is  t o  p rogres s  

much f u r t h e r ,  a Means of obtaiiiiiig d i r e c t i v i t y  is  e s s e n t i a l .  

Although it is  conceivable  t h a t  some type  of ionospher ic  

focus ing  w i l l  provide d i r e c t i v i t y ,  i t  is  our f e e l i n g  t h a t  

s i n c e  t h e  t echno log ica l  problems of l a r g e  space antennas can 

be so lved ,  t h e  development of highly d i r e c t i v e  antennas is  
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poss ib l e .  

which has  provided t h e  design of a f irst  gene ra t ion  r a d i o  

astronomy experiment w i t h  a d i r e c t i v e  antenna system. 

The RAE concept r e p r e s e n t s  t h e  r e s u l t s  of a s tudy  

THE ANTENNA 

I n  s e l e c t i n g  an antenna it was necessary t o  f i n d  a s y s t e m  

wi th  s u f f i c i e n t  d i r e c t i v i t y  t o  f a c i l i t a t e  t h e  accomplishment 

of t h e  s c i e n t i f i c  missions and a t  t h e  same time t o  dec ide  

i f  t h e  s y s t e m  could be deployed from t h e  s p a c e c r a f t ,  If it 

could be deployed, would it ope ra t e  s a t i s f a c t o r i l y  when exposed 

t o  t h e  f o r c e s  encountered i n  t h e  space environment? 

t h e  proposed s p a c e c r a f t  -3 A s  i l l u s t r a t e d  i n  t h e  Figure 

is  e s s e n t i a l l y  an o r b i t i n g  antenna system, I n  t h e  normal 

o2e ra t ing  mode, t h e  system i s  composed of four 7 5 0 m - f o o t  

elements connected t o  form a p a i r  of V antennas apex t o  apex. 

C l e a r l y  a s i n g l e  long l i n e a r  antenna is mechanically s imple,  

bu t  it has s e v e r a l  drawbacks inc luding  t h e  c o n i c a l  main beam 

shape,  a b i d i r e c t i o n a l  p a t t e r n ,  and excess ive ly  high s i d e  

lobes.  A cons ide rab le  improvement i n  e l e c t r i c a l  c h a r a c t e r i s t i c s  

is  gained by combining two l i n e a r  elements i n t o  a V antenna. 

Th i s  a r r a y  can be made reasonably broadbanded, has  good 

impedance c h a r a c t e r i s t i c s ,  and provides  a t  l e a s t  an o rde r  

of magnitude beamwidth improvement over a d ipo le ,  However, 
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a s t and ing  wave V antenna has an o b j e c t i o n a b l e  b i d i r e c t i o n a l  

p a t t e r n .  By i n s e r t i n g  proper r e s i s t i v e  t e rmina t ions  i n  t h e  

l e g s ,  t h e  antenna behaves a s  a t r a v e l i n g  wave antenna. I n  

t h i s  way t h e  back lobe  can be suppressed 20 db, 

A d e s i r a b l e  bu t  not imperat ive f e a t u r e  of t h e  r a d i o  

astronomy experiment is g r a v i t y  g rad ien t  a t t i t u d e  s t a b i l i z a t i o n .  

I t  i s  d e s i r a b l e  p r i n c i p a l l y  because (a )  it g r e a t l y  f a c i l i t a t e s  

t h e  r educ t ion  of da t a  and (b) i t  provides  a means of observing 

s imultaneously and s e p a r a t e l y  t h e  t e r r e s t r i a l  and c e l e s t i a l  

noise .  

for ana lys i s .  

T h i s  a l lows d i f f e r e n t i a l  t echniques  t o  be u t i l i z e d  

is a power p a t t e r n  obta ined  from s c a l e d  - The F igure  

model s t u d i e s  f o r  a te rmina ted  V antenna s e v e r a l  wavelengths 

long, Although t h e  antenna a r r ay  w i l l  provide ga in  over a 

d ipo le  throughout i ts ope ra t ing  range from 300 kc t o  7 Mc, 

i t  was s p e c i f i c a l l y  designed t o  pi-od.ci_ce s i g n i f  i c a n t  d i r e c t i v i t y  

€Tom approximately 1 t o  7 B?c0 Note t h a t  the fou r  elenients of 

t h e  a r r a y  can be combined t o  provide s e v e r a l  types  of antennae 

w i t h  beam c h a r a c t e r i s t i c s  s u i t a b l e  f o r  p a r t i c u l a r  observa t ions .  

Theory and t h e  experimental  da ta  for t h e  va r ious  antenna 

combinations w i l l  be publ ished elsewhere. 

The elements which comprise t h e  antenna a r e  Of t h e  motor- 

d r iven  DeHavilland type  a l ready  s u c c e s s f u l l y  used on s e v e r a l  



. .  . .  

- 9 -  

s a t z l l i t e s  and demonstrated f o r  850 foot le i igths  i n  t h e  

l abora to ry .  This  device is  a p re - s t r e s sed  metal  s t r i p  which 

forms i n t o  a t u b u l a r  s t r u c t u r e  upon deployment, 

The behavior of long tubu la r  elements i n  t h e  space 

environment poses s e r i o u s  problems because of t h e  g r a v i t y  

g rad ien t  f o r c e s ,  s o l a r  p re s su re ,  and thermal  bending. For 

example, a t y p i c a l  element of Beryllium-Copper would have a 

t i p  d e f l e c t i o n  of 500 f e e t  f o r  a 1000 f o o t  long element. 

The engineer ing  s tudy c a r r i e d  OL& a t  Goddard Space F l i g h t  

Center and t h e  Applied Physics  Laboratory of John Hopkins 

Univers i ty  has  thoroughly demonstrated t h a t  by proper choice 

of element c h a r a c t e r i s t i c s ,  however, a s a t e l l i t e  w i t h  a 

mechanically s t a b l e  antenna system c o n s i s t i n g  of elements a t  

l e a s t  753 f e e t  'lofig can be placed i n t o  a 6000 k m  c i r c u l a r  

o r b i t ,  The F igu re  i l l u s t r a t e s  t h e  e f f e c t s  of g r a v i t y  

g r a d i e n t  forces aiid thermal  bending on t h e  i n i t i a l  a r r a y  

shape, Note t h a t  t h e  i n i t i a l  r o o t  angle  can be s e l e c t e d  t o  

provide a d e s i r e d  f i n a l  V angle  i n  order  t o  compensate f o r  

t h e  bending, Model antenna s t u d i e s  have demonstrated t h a t  

t h e  expected boom bending does not s e r i o u s l y  a f f e c t  t h e  

r e q u i r e d  e l e c t r i c a l  c h a r a c t e r i s t i c s  of t h e  a r r a y ,  

- 

INSTRUIGXTATI ON 

i s  a block diagram of t h e  r a d i o  astronomy 

ins t rumen ta t ion ,  For long term, unat tended ope ra t ion ,  use of 

- The F igure  
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t h e  Ryle-Vonberg c losed  loop radioineter i s  t h e  most d e s i r a b l e  

technique f o r  r a d i o  no i se  measurements s i n c e  i t  has t h e  

advantage of accuracy and s t a b i l i t y  even i n  t h e  event of 

v a r i a t i o n s  i n  r e c e i v e r  ga in  and bandwidth, The completely 

s o l i d  s t a t e  engineer ing  model which has  been developed i n -  

co rpora t e s  10-frequency opera t ion ,  automatic range swi tch ing  

t o  a t t a i n  60 db of dynamic range,  and a z e r o - i o f o  system. 

To r e l a t e  t h e  power absorbed by t h e  antenna t o  t h a t  a v a i l -  

a b l e  a t  i t s  t e rmina l s ,  t h e  antenna impedance must be measured 

so t h a t  t h e  t r a n s f e r  func t ion  can 'be  conputed, 

antenna w i l l  be i n  a plasma environment which may vary,  and 

s i n c e  t h e  antenna shape may vary, it i s  necessary t o  r .e 

these impedance measurements p e r i o d i c a l l y ,  An impedance probe 

whick a c c u r a t e l y  zeasu res  bo th  r e s i s t i v e  and r e a c t i v e  

components of impedance has a l reaay  been developed 2nd f l i g h t  

t e s%ed ,  

Since t h e  

With t h e  except ion 02 a par t  02 t i le s p a c e c r a f t  power 

supply,  t h e  remaining in s t ruEen ta i ion  shown i n  t h e  block diagram 

is  s i m i l a r  t o  equipnent which has a l r eady  been f l i g h t  proven, 

DC to DC converteils i n . t h e  spacec ra f t  power supply system a r e  

2 p o s s i b l e  soizi'ce of coas iderable  noise ,  Since t h i s  n o i s e  

f a l l s  wichin t h e  observing frequency band of the s a t e l l i t e ,  

- it cannot be  t o l e r a t e d .  A converter  i nco rpora t ing  slow 
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swi tch ing  and i n t e g r a t e d  s h i e l d i n g  has  been demonstrated 

t o  s u c c e s s f u l l y  e l imica6e t h i s  i n t e r f e r e n c e ,  

I n  t h e  f ina l .  a n a l y s i s  t h e  o r b i t  s e l e c t e d  was governed 

by bo th  t h e  r e a l i z a t i o n  of t h e  des i r ed  observing frequency 

range,  t h e  o r b i t a l  p recess ion  r a t e ,  and a t o l e r a b l e  g r a v i t y  

g r a d i e n t  boom de f l ec t ion .  A thrust-augmented Thor-Delta 

rocke t  w i th  a hiots lOOB apogee kick motor is capable  of 

p l a c i n g  t h e  s p a c e c r a f t  i n t o  a 6000 Itm, c i r c u l a r  o r b i t  w i t h  

a 50° i n c l i n a t i o n .  

and i n j e c t i o n  sequenceo 

The F igure  - i l l u s t r a t e s  t h e  launch 

CONCLUS I ON 

The r e s u l t s  of the  s tudy  have c l e a r l y  demonstrated t h e  

f e a s i b i l i t y  of t h a  Radio Astronomy Explorer ,  The RAE would 

not only provide s i g n i f i c a n t  scie;t,-;ilic information but  would 

zlco provide t h e  b a s i c  u n i t  20:- r^ud-.-- e 

expe r inen t s  t o  o b t a i n  high r e s o l u t i o n  Suiqveys by means of 

a p e r t u r e  syn thes i s .  A s y s t e u  of t h i s  t ype  would provide t h e  

s c i e n t i f i c  cormunity wi th  an observatory from which a v a r i e t y  

of experiments could be  performed. 

xoTe s o p h i s t i c a t e d ,  
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